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ABSTRACT

This report presents data on induced seismicity studies in South
Carolina up to September 1979.

The Tow level seismicity at Lake Jocassee was interrupted by a
MbLg 3.7 earthquake on August 25, 1979 (9:31 PM local time). This intensity
VI event was the largest event to occur at Lake Jocassee and it was widely
felt. Its focal mechanism revealed a large component of normal faulting.
Comparison with earlier focal mechanisms and stress measurements suggests
that only a thin veneer (v~ 1.5 km) of the near surface rocks are highly
stressed.

In addition to the routine analysis of seismicity data at Monticello
reservoir, we analysed in detail 180 events recorded on analog tapes
between July and December 1978. This detailed analysis revealed that the
seismicity is shallow (< 2 km), appears to spread in discrete jumps and
occurs along existing joint and fracture planes by the diffusion of pore

pressure to hypocentral depths.
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I. INTRODUCTION

This report describes the results of monitoring seismic and other
parameters at Lake Jocassee together with the seismicity at Monticello
reservoir. The locations of these sites are shown in Figure 1.

In this reporting period we continued to monitor seismic activity
at Lake Jocassee (Section II). The largest recorded event at Lake
Jocassee occurred at 9:31 PM (Local time) on August 25, 1979. This
widely felt MbLg 3.7 event is described in Section III. Radon concentration
in ground water and soil were also measured near Lake Jocassee. These
will appear in a paper in Journal of Geophysical Research. A preprint
of the paper together with the raw data are given in Appendix IX.

The classical example of reservoir induced seismicity at Monticello
reservoir was further studied. Routine data using the four station SCE&G
seismographic network and JSC are presented in Section IV. Detailed
analysis for 180 well recorded events on analog tapes and on portable

seismographs (July - December 1980) are presented in Section V.
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I1. SEISMIC ACTIVITY AT LAKE JOCASSEE (APRIL 78 - SEPT. 79)

I1.1. Seismic Station Deployment

Four portable siesmographs (Sprengnether MEQ 800 model) together
with the permanent station at SMT were used until October 1978. In
October 1978 Duke Power Company added two permanent stations, one at BG3
replacing the portable unit and another at a new site, LPM. A1l portable
seismographs were removed in January 1979. A1l seismic data after this
were collected from the three remaining permanent stations (BG3, SMT, LPM).
After a magnitude 3.7 event on August 25, 1979 we reoccupied our portable
sites until September 15, 1979, carrying out an aftershock survey. (The
August 25 event is discussed in Section III.) The location of sites
occupied are listed in Appendix I and are shown by the symbol #% 1in
Figure 2. In Tater discussion and in tables the location
number (first column) will be used when referring to a particular station.
The deployment times for portable stations for March 1978 - December 1978

are shown in Figures 3A and 3C.

I1.2. Results

In an effort to obtain more accurate event locations a velocity
model for the Lake Jocassee area was developed. In September 1978 four
holes were drilled and loaded with approximately 150 1bs. of explosives
in each hole. Two reversed refraction Tines were shot. These lines (AB, CD)
are shown in Figure 4. The velocity model obtained (Appendix II) was used
in Tocating events with HYPO71 (Lee and Lahr, 1972). The location accuracy

is about *200 m and depths are usually good to +400 m.
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In the reporting period (April 1, 1978 - September 30, 1979) 252
events were recorded. Of these 208 were located. A1l recorded events
are listed in Appendix III. The located events are presented in Appendix
IV, and the best locations (RMS<0,1s; ERH, ERZ <1 km) are plotted in
Figures 5A to 5I. The magnitudes of the events are proportional to the
symbol size and the depths, in one kilometer increments, are given by
different symbols. Event locations have been plotted monthly from April
1978 - December 1978 (Figures 5A - 5I). 1In this period there were 30
events with M, > 1.0 and these are listed in Table 1. Seismic activity
throughout this nine month period was characterized by four to five events
per week. A1l activity was confined to the immediate lake vicinity in
areas of previously noted concentrations. One exception to this pattern
is seen in May and September 1978 when a new cluster of activity developed
in the northwest area of the lake (Figures 5B and 5F). This newest cluster
seems to indicate a continued outward, slow migration of epicenters
observed since the initial activity of 1975 - 1976. It was also observed
that average depths had been increasing in areas of previous activity
(1975 - 1976) in the southern, western, and northern clusters reinforcing
our idea of three dimensional outward migration of hypocenters with time.

In January 1979 all portable seismographs were removed. Figure 6
presents locations obtained from three permanent stations, (BG3, SMT, LPM)
from January 1979 to July 1979. In this period 11 events with ML > 1.0
were recorded and they are listed in Table 2. It appears from Figure 6
that our detection threshold dropped after removal of the portable seismographs,
but we believe only the Tocation threshold was decreased. Station LPM is

located to the extreme northwest section of the lake and many of the smaller



TABLE

LIST OF EVENTS M| > 1

1

TIME (UCT)

DATE ('78) H:M M
04:04 09:11 .4
04:11 00:49 .5
05:12 13:39 .4
05:12 14:15 .3
05:23 08:07 .2
05:23 12:29 .5
06:01 16:32 .6
06:11 16:22 .1
06:27 06:03 .2
07:22 15:18 .1
08:17 05:08 7
08:21 13:53 .3
09:11 11:55 .3
09:16 09:13 .6

16:36 .6
09:21 07:08 .3
09:22 23:16 .8
09:23 18:03 .4
09:26 01:09 .6
20:10 .8
10:05 12:24 .6
12:31 .1
10:17 11:42 .0
12:06 .1

10



TIME (UCT)

DATE ('78) H:M ML
12:05 23:58 1.4
12:18 04:09 1.8
12:20 05:37 1.9

05:50 1.2
06:16 1.5
12:24 15:45 1.0

11
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TABLE 2
LIST OF EVENTS M > 1

TIME (UCT)

DATE ('79) H:M M
02:05 _ 18:53 1.4
02:13 15:07 1.7
03:20 14:18 1.54
04:27 22:59 1.52
04:28 05:07 1.27
05:01 20:39 2.45
05:28 11:45 2.49
07:08 09:51 1.32
07:17 02:12 1.72

05:47 1.00
07:20 14:24 1.00
08:01 16:49 1.16

08:26 01:31 3.7
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events are not recorded there. SMT and BG3, on the otherhand, record the
smallest of events. Comparing these seven months with previous months'
activity, the numbers of events continues to be four to five per week.

A separate Tocation plot for August and September will be found in
Section III of this report where the August 25 M, ~ 3.7 is discussed in
detail. Cumulative activity for April 1978 - September 1979 is shown in
Figure 7, while the total cumulative seismicity (Nov. 1975 - Sept. 1979)

is presented in Figure 8.

I1.3. water Level and Seismicity

In Figures 9A through 9E the seismicity is compared with Lake Jocassee
water Tevels and their fluctuations. These data are plotted on the same
time axis for the five periods, March - May 1978, June - August 1978,
September - December 1978, January - May 1979, and June - September 1979.
Starting at the top are the daily water level readings at 8 AM (Local
time). The bars indicate the maximum and minimum water level for that
day. In the ordinate, 100 feet corresponds to a full pond elevation of
1100 feet above sea level. The daily variation of water level (computed
for readings at 8 AM and plotted midway between them) is shown on the next
row. The daily energy release and the number of events are shown in the
two bottom rows. On this time scale there appears to be no obvious
correlation between seismicity and water Tevel or its fluctuations.
However, when we consider the lake levels over a longer period, we observed

definite associations. These are discussed in the next section.
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IIT. AUGUST 25, 1979 JOCASSEE EARTHQUAKE

I111.1. Introduction
On August 25, 1979 (9:31 PM EDST, August 26, 01.31 UCT) a magnitude

3.7 (M BLA) earthquake occurred in the vicinity of Lake Jocassee,

bLg’
South Caio]ina. This MM intensity VI event was felt in an area of

about 15,000 sq. km and was recorded locally on the three station Lake
Jocassee seismographic network, and regionally on seismic stations in
South Carolina, North Carolina, Georgia, Tennessee and Virginia. Within
24 hours of the event we deployed four Sprengnether MEQ 800 portable
seismographs in the epicentral area. This report presents an analysis
of seismic data recorded in the 20 day period following that initial
event of August 25. During this period (August 26, 1979 - September 15,

1979) 26 aftershocks were recorded and they ranged in magnitude from

-.60 to 2.0.

I11.2. Instrumentation

The main shock of August 25 was recorded on 3 permanent seismic
stations in the immediate vicinity of Lake Jocassee. A1l aftershocks
were recorded on four additional portable seismographs which were
deployed on August 26, 1979. The station locations are shown in Figure

10.

I11.3. Results

In the reporting period 26 locatable events were recorded (Appendix

I1V). Figure 11 shows location of the main event on August 25 and aftershocks.

Most of the activity occurred in a group approximately 1 km south of the

lake and about 3 km from the dam.
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I11.4. rLocation and Magnitude of Main Shock

The initial location of the main shock (listed in AppendixIV) was
obtained by using HYPO71 (Lee and Lahr, 1972) and a trial depth of 1 km,
using only P-wave first arrival times at the three stations. (S wave
arrivals could not be used as the various arrivals were clipped). Using
only 3 arrival times is inadequate to obtain the correct depth, and the
computer location was obtained with the depth fixed a 1 km. However the
depths of most of the aftershocks (obtained by using both P and S phases)
ranged from 2 to 4 km. This suggested that the depth of the main shock
was also in that range. The main event was then relocated with trial
depths of 2 and 3 km (Table 3).

In view of the depth of the aftershocks and the quality of the
computer solution for the three trial focal depths (TFD) we suggest that
a TFD = 2 km gives the best solution.

The main event was assigned a magnitude 3.6 by NEIS, whereas a
MbLg 3.7 was assigned by Dr. Bollinger--based on data from BLA and
other stations of the VPI seismographic network. This event also provided
a check on the local magnitude scale that we had been using at Lake Jocassee.
According to that, the magnitude of this event was 3.1. The scale is being

revised now.

TABLE 3
Trial Focal Origin Time Lat N Long W Depth
Depth (KM) 01h 3lm (349) (829) (km)
1 46.66' 56.89' 56.64' 1.0
2 46 .59' 56:69" 56.36" 2.0

3 46.51" 56.57' 56.26' 3.0



35

II11.5. Fault Plane Solution
Through the courtesy of various seismograph networks in the southeast
we obtained first motion data for 54 stations. Though many of them were
from small networks, they provided a good spatial coverage and also a
check on the polarities of some stations by the available redundancy.
These data indicated that the polarities of the Carolina Power and Light
(CPL) and Bowman mininetworks are reversed. On checking the first arrivals
of various teleseisms it appears that CHF is also reversed, and was corrected.
However, the data from the CPL (A) and Bowman (B) data were used as
observed (Figure 12).
The resulting fault plane solution (equal area, lower hemisphere
projection) indicates normal faulting. For shallower events < 1.5 km
we obtained strike slip solutions (7th Report). Thus normal faulting at greater

depths indicates that the load is the largest principal stress.

I11.6. Intensity Survey
An intensity survey was carried out personally in the epicentral
area, and through newspapers in Anderson (S.C.), Brevard (N.C.) and
Seneca (S.C.). These resulted in 85 responses. These data were supplemented
with 32 responses from Postmasters in a larger region obtained by Carl
Stover of USGS. An isoseismal map (Figure 13) indicates a felt area of
over 15,000 sq. km, of which intensity V shaking occurred in 2220 sq. km.
In Figure 13 the epicenter is indicated by an asterick. The epicentral
area appears to be elongated in a NE-SW direction--corresponding to the
geologic grain in the area. The locations reporting a MM intensity V

or greater are summarized in Table 4.
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INTENSITY V - VI

INTENSITY V

TABLE 4
LOCATION
S.C. Salem, Tamassee, Seneca
S.C. Travelers Rest, Liberty, Central
Tamassee, Salem, Seneca
N.C. Lake Toxaway, Cashiers, Webster,

Scaly Mt., Zirconia

38
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I11.7. Discussion

The occurrence of a MbLg 3.7 event, almost four years after the
start of reservoir induced seismicity at Lake Jocassee was surprising.
The seismicity had decreased from an average of about 5 events/day
(December 1975 - January 1976) to about 1 recorded event every 2 days
(Cecember 1978). The level of seismicity had decreased from M 3.2
(November 1975) to about 3 events/year (2.5 > M > 2.0). To seek possible
association with the lake level the daily (8 AM reading) water level is
plotted for the period June - September 1979 (Figure 9E, top row).
The maximum and minimum lake levels are indicated by bars. The daily
change in water level is shown in the next row. The daily seismic energy
release and number of events are shown in the two bottom rows. The
seismicity appears to be random. The only suggestions of association with
the lake level are large fluctuations in the lake level, and that the
average lake level has been high. This is perhaps more apparent in Figure
14 which shows data over a 4 3/4 year period (January 1975 - September 1979).
Each data point represents a 10-day period. From top to bottom: First
row shows the average water level in Lake Jocassee over a 10-day period,
with the bars indicating the maximum and minimum water level in that 10-day
period. The change in water level between the 10-day mean water levels
is shown in the next row. In order to quantify this change, the area in
each segment, below and above the zero (or no change) Tine was calculated
in arbitrary units. This 'change time', representing the duration and
amount of change, is plotted in the next row. This was compared with the
total number of events (in 10-day period) and the times of events with

magnitude greater than 2 were noted.
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The most dramatic decrease in the lake level occurred in early summer
1978. After July 1978, the lake level was raised for the next few months
and correspondingly there was a large 'change time'. Few weeks following

the raising of the lake there occurred three M, > 2.0 events (8/21/78,

L
9/21/78 and 10/05/78). MWe suggest that the general increase in the level
of activity was caused by the rapid rise of water level in the lake.

In February and March 1979 the lake level had been lowered to 85'
(100" corresponds to 1,110' ASL) and was rapidly raised to 97' in March -
April 1979. We suggest that this rapid increase in water level, with a
corresponding large 'change time' triggered a series of events that
culminated in the MbLg 3.7 event on August 25, 1979.

The earthquake (#13) occurred in a "seismic gap" between the aftershock

zones of previous large earthquakes and its aftershocks were deeper than

those of events #3 and #7 (Figure 15).

I11.7.1. Implications on the Ambient Stress Field

We have limited in situ stress measurements at Bad Creek, about 9 km
NW of Jocassee dam. These consist of hydrofracture measurements in a
borehole by Haimson (1975) and overcoring in a pilot tunnel by Schaeffer
et al., (1979). The well head was located at an elevation of about 400 m
on a hillside whereas the pilot tunnel was drilled about 180 m below the
surface. The results of these measurements are shown in Table 5 and Haimson's
data are shown in Figure 16 also. These data indicate very large stresses
in the top 300 km. However the existence of strike slip faulting (7th
Technical Report) at depths of 0.5 - 1.5 km indicates that at those depths

the vertical stress is the intermediate prinicpal stress. At greater depths



42

‘JS (km] —
T r | I J | r

Figure 15



TABLE 5

AVERAGE PRINCIPAL STRESS VALUES
HYDROFRACTURE DATA (HAIMSON, 1975)

DEPTH
E%EY?ngy suggkgg(m) °Ea§£N DIRECTION °§aﬁﬁx DIRECTION
398 119 69 N66%W 88 N24°F
367 151 102 N84°w 148 NO6°E
338 181 106 N120W 138 N78°E
308 215 152 N22°% 272 N68°E
283 243 >155 N4g°W >176 N42°E
272 255 195 N34% 340 N56°E

Av. at
290 236 159425 N300W 228455 N60°E

(Site of planned powerhouse)

OVERCORING DATA (SCHAEFFER, ET AL., 1979)
338 181 184 N320W 293 N579F

oy = 102 bars
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~ 2 km, we have normal faulting indicating that the vertical stress is
the greatest principal stress (Figure 17). In Haimson's analyses the
vertical stress was computed assuming it to be due to the load with a
density of 2.7 g/cm3. However in the overcoring results of Schaeffer
et al. (1979) the vertical stress was measured to be about 102 bars at
a depth of ~ 180 m. This is almost twice what one would expect due to

2 % 1076 bars = 49 bars).

the Toad. (o, = pgh = 2.7 X 10° X 180 X 10
Such observations are rare but not unheard of. For example, Fyfe
et al., (1978, p. 226) note that "in the Snowy Mountain region of Australia
the vertical pressure at a depth of 300 m was found to be over 120 bars,
rather than 80 - 90 bars one would forecast using oy = pgh."
Thus in addition to the very high horizontal stress gradients
encountered at shallow depths, there are large vertical stresses too.

This suggests a highly stressed rock at shallow ( < 500 m?) depths--and

perhaps accounting for the observed induced seismicity.

I11.8. conclusion

In our previous report (through 1978) (8th Technical Report) we had
concluded that, "Now a large number of the 'locked' portions have been
unlocked--and the rocks have adjusted to the new stress condition caused
by impoundment. The level of seismicity has dropped considerably. The
lack of earthquakes with M_ > 3.0 after the initial shock suggests that
the surface areas of the locked portions (to which the magnitude is related)
are too small to cause any major shock (ML > 3.C). Consequently we would
conclude that the activity will continue to decline unless there is a period
of prolonged lowering of lake level followed by a period of sustained,

rapid refilling." Our previous observation thus appears to have been
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borne out by the occurrence of the August 25, 1979 event.

appears the conclusion quoted above is still valid.

Thus it

47
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IV. SEISMIC ACTIVITY AT MONTICELLO RESERVOIR

IV.1. Background

This report covers the seismic activity at Monticello from June
1978 to September 1979. The earlier seismic activity, filling history
of the reservoir and geology of the area have been given in the 7th
and 8th reports. The station deployment is given in Secion IV.2 and
the routine earthquake locations determined with JSC and SCE&G network
stations for the period June 1978 to September 1979 are given in Section
IV.3. The possible relationship between the water level fluctuations and
seismicity is given in Section IV.4. The locations obtained with the
magnetic tape data for the period from  July to December 1978 are
given in Section V.

Monticello reservoir was impounded between December 1977 and February
1978. The number of events recorded in the months of January, February and
March 1978 were 530, 1585 and 462, respectively. From April 1978, the
number of recorded earthquakes started to decrease considerably. In that
month, the number of recorded earthquakes was 213. In May 1978 the number
of recorded earthquakes was 145. In June, 109 earthquakes were recorded.

A spurt of increased activity occurred again from September - December 1978,
when 150 - 250 earthquakes were recorded every month and also several M > 2
earthquakes. The activity again decreased until September 1979 with
occasional M, 2 earthquakes and associated seismicity. The monthly number

of recorded earthquakes being less than 50 (Table 6).

IV.2. station Deployment
The seismograph stations deployed in the Monticello area are shown

in Figures 18 and 19 and listed in Appendix V. JSC a permanent station
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of the S. C. seismographic network has been in operation since October
1973. About 3 months before impoundment of the Monticello reservoir,
South Carolina Electric and Gas Company (SCE&G) installed a 4 station
network. The stations 1, 2, 3 and 4 are located in a triangular array,
with station 1 in the center serving as a recording site (Figurei18 ).
Meaningful data was obtained from the four station network from
November 30, 1977.

Following increased seismicity we deployed 2 - 3 portable seismographs
in the area from February 7, 1978. The number of portable seismographs
was increased to 3 - 8 from July to September 1978 (Figure 18). During
this time USGS deep well #1 was being drilled, and the object was to
detect any increase in seismicity that might have been associated with the
drilling and subsequent hydrofracturing.

In order to get better hypocentral data, USGS installed 6 additional
stations (#5 - 10) in May 1978. However due to initial timing problems,
useful data were obtained from July 1978. The locations of all stations
are given in Figure 18 and are listed in Appendix V. Since October 1978
we have continuous data (on magnetic tape) for stations 1 - 10 and visual
(on helicorder) for stations 1 - 4 and JSC. The visual data are interpreted
routinely (Section IV.3); however there is a large delay in getting tape

playbacks from USGS in Golden (Section V).

IV.3. Results of the Location of Earthquakes with SCE&G Stations and
Portable Stations
Earthquakes at Monticello were located on a routine basis from the

data of station JSC, SCE&G stations and portable seismographs, using
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computer program HYPO71 (Lee and Lahr, 1972) and a velocity model
developed for the Monticello reservoir area (Appendix VI). Magnitudes
were calculated from the signal durations at station JSC, where the
duration (D) and magnitude (ML) relation is
M = -1.83 + 2.04 log D.
The daily energy release was calculated using a simplified magnitude
(M_) energy (E) relation (Gutenberg and Richter, 1956)
10910E = 11.8+1.5 ML.
The monthly number of recorded and located earthquakes from June
1978 to September 197? is given in Table 6. A list of ML > 2.0 earthquakes
during this period igAégven in Table 7. Most of M, 2 earthquakes occurred
outside the western margin of the reservoir during this period (Figures 20A
and 20B). A11 the located earthquakes from December 1977 to September 1979
are shown in Figure 21. The majority of epicenters are included in two
E - W bands in the central and southern parts of the reservoir. For
a detailed study the Monticello reservoir area was divided into 7
subareas, viz., NW, N, W, C, E, SW and S as shown in this Figure 21.
Earthquake locations obtained in the reporting period in the Monticello
reservoir area are given in Appendix VII. ' The seismic activity has been

plotted on a monthly basis, showing spatial distribution in Figures 22A - P.

In these figures the symbols indicate depth and the size is proportional
to the magnitude of the events. Only the well-located events have been
plotted (RMS <0.1 sec, ERH < 1.5 km). Location of some of the stations
and reservoir boundary is also given. These epicentral locations were
obtained using stations JSC, 1, 2, 3 and 4 and portable seismographs

(until September 1978).
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Seismicity until May 1978 was described in the Seventh Technical
Report (Talwani et al., 1978). Monthly seismic activity from June 1978
to September 1979 is described as follows. In June 1978 the number of
events recorded was 109, with most of the activity occurring in the middle
of the reservoir and some of the events along the southern margin of the
reservoir (Figure 22A). A magnitude 2 earthquake occurred in subarea C
near the reservoir boundary.

In July 1978, activity was spread over the whole area (Figure 22B).
Although this month was relatively less active with no M 2 earthquake,
the number of located earthquakes was large as very small earthquakes
could be located using data of increased number of smokers. These smaller
earthquakes were located to study ts/tp value in detail.

Two earthquakes of M 2.7 and 2.5 occurred on August 27, 1976. These
were located near the SW boundary of the reservoir. The M 2.7 earthquake
registered an acceleration of 0.25g on a strong motion accelerograph located
about 1 km away from the epicenter. Epicentral locations in August
were also dispersed (Figure 22C) as in July.

In September 1978 one earthquake of M 2 occurred, in the SW
subarea. These earthquakes and the associated seismicity was confined
to the western margin of the reservoir (Figure 22D). The number of
earthquakes recorded was 221.

October 1978 was seismically active with six ML 2 earthquakes. The
M 2.9 earthquake on October 27, 1978 was the largest recorded earthquake

from the Monticello reservoir area and registered almost the same acceleration
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as that of the August event. This earthquake and three others of MLz_Z.O
in October occurred in subarea SW outside the reservoir boundary. The
other two M_ > 2 earthquakes in this month were located to be in subarea
W, outside the reservoir boundary. Activity was mainly confined to two

E - W bands, one in the middle of the reservoir and the other near the
southern margin of the reservoir. A few events were located in subarea

N (Figure 22E).

In the last week of November, three earthquakes of M, > 2.0 occurred ,
one in subarea W and two in SW. Epicentral locations covered more or less
the same area as in the previous month, except that they extended more
in the SW direction (Figure 22F). 227 earthquakes were recorded during
this month.

In December 1978, one earthquake of magnitude 2 occurred in area C
in the middle of the reservoir. 127 earthquakes were recorded in this
month. The epicentral locations covered more or less the same area as
in the previous two months (Figure 22G).

Seismic activity decreased considerably from January 1979, dropping
to an average of about 40 recorded earthquakes per month until September
1979. In January 1979 most of the earthquakes were confined to the
western margin of the reservoir (Figure 22H). In February, the
earthquakes were located in the middle part of the reservoir as an E - W
band (Figure 22I). Three larger earthquakes were of M 2.6, 2.7 and
2.3. March, April and May 1979 were relatively quiet months with 20 - 30

recorded earthquakes and no earthquake of ML 2 (Figures 22J - L).
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TABLE 6

MONTHLY NUMBER OF EARTHQUAKES
FROM JUNE 1978 TO SEPTEMBER 1979

RECORDED LOCATED M>2.0

1978  June 109 67 1

July 80 80

August 91 68 2

September 221 24 2

October 196 80 6

November 2217 56 3

December 127 41 1
1979  January 67 18

February 46 28 3

March 28 15

April 21 16

May 37 14

June 47 27 2

July 58 17

August 26 12 1

September 36 11 1
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Two earthquakes of M > 2.0 occurred on June 5, 1979, near the
southwestern margin of the reservoir. Some earthquakes were also located
in W and N subareas (Figure 22M).

In August 1979, a M 2.6 earthquake and associated seismicity occurred
2 - 3 km away from the reservoir margin in subarea W (Figure 22-0).

In September 1979, a M 2.7 earthquake occurred in area C, near the
western margin of the reservoir (Figure 22pP).

The three-monthly plots January - March, April - June, and July -
September 1979 are shown in Fiqures 23, 24 and 25 and the corresponding
cross sections are shown in 23A, 24A and 25A. The monthly distribution
of energy and depth of the events in different subareas N, NW, W, C, E, SW
and S is shown in Figures 26A - P for the period December 1977 to March

1979.

IV.4. Seismicity and Water Levels at Monticello

The strong relationship between water level at the time of initial
filling and seismic activity was described in the 7th report.

Full pond elevation was achieved on February 8, 1978, after which the
reservoir level has been changed by a maximum of 5 feet per day. Monticello
reservoir is a pumped storage facility and the decrease in reservoir levels
associated with power generation is recovered when water is pumped back
into the reservoir. Correspondingly there can be variations up to about
5 feet per day between the maximum and minimum water levels. To check
on any affect of these small water level changes in seismicity, we plot the
maximum and minimum water levels together with the daily energy release and

daily number of located events into three groups for the period January
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